The forest ecosystems are already responding to increased CO 2 concentrations and changing environmental conditions. These ongoing developments affect how societies can utilise and benefit from the woodland areas in the future, be it e.g.
the amount of variance of a set of variables explained by another set of variables (Stewart and Love, 1968; Weiss, 1972; van den Forest management was the most dominant factor of uncertainty for Hyytiälä ( Fig. 1) The site-level differences in biomass stock uncertainties largely arise from the management actions ( Fig. 2 ) and the management and RCP scenario impacts reflect the redundancy indices calculated with all ecosystem indicators ( Fig. 1) for PREBAS.
The RCP scenario influence increases for both sites towards the end of the simulations and the climate model and parameter uncertainty is negligible for both sites and all periods. There is an anomaly for Sodankylä reference period, where management has a very large impact. This situation arises due to minimal (0.1 m 3 /ha), but systematic difference in harvested volume -the 170 difference is so small it is not visually evident (Fig. 3) . The rest of the Sodankylä reference period variables are nearly identical, so the small change in harvesting results in high correlation, which is captured by the CCA. at each point represent the point specific uncertainty: one standard deviation amongst the corresponding simulations. We use lighter shading for the earlier periods, a different colour for the RCP scenarios and a different marker to separate the management actions.
The differences in site-specific variables due to the management actions, can already be seen from the reference period indicators ( Fig. 3 ). The DEL scenario has approximately 10 % larger stand volume than BAU for Hyytiälä, but there is practically no difference for Sodankylä. The management actions start to have a noticeable impact for Sodankylä simulated variables at 175 mid-century, but this impact is much smaller than that of the RCP scenarios. The management effect is much more pronounced at Hyytiälä, where both actions follow separate pathways. 
Ecosystem carbon exchange
The bifurcation of the annual GPP and respiration in JSBACH illustrates the separation of the RCP scenarios at about the midpoint (2040) in the simulations (Fig. 4) . These two variables that comprise the net ecosystem exchange (NEE), have strong Sodankylä GPP (Fig. 4) , suggest a bi-modal value distribution in the the last 30 years of the simulations. This is caused by the different climate models yielding separate modes to the otherwise nearly identical value distributions. Most of the GPP and respiration value distribution (Fig. 4) reflect the variation in model parameterisations. As the bifurcating GPP and respiration fluxes signal, the RCP scenarios were important sources of uncertainty for the ecosystem carbon exchange variables at both sites, with importance growing over time (Fig. 2) . However, it is noteworthy 190 that management induced uncertainty for ecosystem carbon exchange was the most influential factor for Hyytiälä when it is accounted for in the model. The Sodankylä flux variation seems to be only dependent on the RCP scenario for both models, while the climate models were the most important factors at Hyytiälä during the first two periods for JSBACH. canonical loadings (CL), whereas the correlations with the opposite canonical variate are called canonical cross-loadings (CcL). These loadings are needed to summarise the CCA results via the use of the redundancy index (Rd) that expresses the amount of variance of a set of variables explained by another set of variables (Stewart and Love, 1968; Weiss, 1972; van den Wollenberg, 1977) .
Above i is a placeholder for one of the two sets of variables, factors (f ) and ecosystem indicators (e); v indicates a canonical variate; n i is the number of variables in the i-th set and Rc are the canonical correlations.
The square of the canonical loadings expresses the proportion of variance accounted for each variable -computing the average for each variate provides an indication of the overall variability explained by the variate. The squared Rc represents the variance shared by the canonical variates of the two sets of variables -it is the bridge between the two sets. The redundancy 395 index can be summed up across the canonical variates to have an overall measure of the bi-multivariate covariation of the two sets of variables.
In our analysis, we wanted to quantify the importance that each factor have on the ecosystem indicator uncertainty (RdF ).
We quantified the redundancy index of the indicators for each canonical variate and then multiplied it by the squared canonical cross-loadings between factors and variates. 
CcL represents the proportion of variance shared between the factors (f ) and the canonical variates of the ecosystem indicators (e). The RdF of the different factors can be summed up across the variates to obtain the overall weight that each factor has on the ecosystem indicator uncertainty.
